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c EXPLOSIVE COMPOSITIONS 

Report Submitted by 
D. P. liaoDougall, E. H. Byater 

and 0. A. Weltman 
Explosives Researoh Laboratory 

Bruoeton, Pennsylvania 

Abstract 

1. A 5000# batch of PEP-2 has been manufactured at the duPont 
Eastern Laboratory. The outstanding difficulty revealed in 
this production was the slowness of rolling of this material, 
oompared with rolling dry Composition 0 or Composition 0-2. 

After 3 months* storage at 60* C, the superiority of British 
Arachis-nut leoithin over American soy-bean lecithin for BOX 
Polar P.E. continues to be demonstrated. 

2. Exudation tests and bullet tests with oaliber 0.50 ball, 
112 show that substitution of paraffin for Arlstowax-alox in 
Composition B will neither increase the exudation nor the bullet 
sensitivity. 

The effeots of diluting Composition B from a composition 60/40/1 
RDX-TNT-'Wax to 55/45/1 RBX-TNT-Wax upon the visooaity and the 
power have been determined. 

Experiments on the segregation of BUS and of wax in large 
oastings of Composition B have been begun. 

3.. The relative insensitivity of the liquid explosive Methylite- 
20x to repeated light blows has been demonstrated by shaking a 
sample for 8 hours in a vigorous shaking machine, without explosion. 

4. It has been decided that the aoetone extract of leoithin is 
the most satisfactory surfaoe-aotlve agent whioh has been found 
for Sdnatols. Its effeots on the visoosity of Sdnatol slurries 
has been measured with an efflux visoometer under various con- 
ditions, and its effeot on the vaouum stability has been investigated 
This extract also deoreases the visoosity of OBZ and Baronal 
slurries, but when added to Gulf Crown Oil B does not make a good 
plastic explosive with BOX, as does both the whole leoithin and 
the leoithin residue. 

5. Three different lining and padding combinations, whioh have 
been applied to oases of the Aerial Depth Bomb, AN-Mk47, in an 
attempt to desensitize it to hard-surfaoe impaot, are described. 

180£ Nitroglyoerine/20£ dimethyl phthalate stabilized with 0.5$ 
ethyl Oentralite. 
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Report 

1» Plastio Explosives 

(1) FEP-2 

A 500# bat oh of PEP-2 with 145b oil has b6sn manufactured, at 
the duPont Eastern Laboratory. In this preparation the wet 
PETN was added to the Grown Oil E in the inoorporator with 
stirring at ?ccsm tentersture. Enough PETN was added to give 
a final composition of 86J« PETN ♦ 14Jb oil. Before rolling the 
wet produot has 10-155» water, sinoe this is the water oontent 
of the wet PETN. The rolls were set- at a roll separation of 
0.004" with spring pressure of 2000f at one end and 1400* at 
the other. *ne wet oiled mixture was passed 10 times through 
the rolls. However, through some misunderstanding, the first 
200 lbs. of wet PEP-2 were passed 20 times through the rolls. 
Ibis 20 pass material was put in with the regular 10 pass 
material for the first 660# drying batoh. The final dried pro- 
duot was a good, firm plastio, but It did seem, inmed.iately 
after drying, to be somewhat shorter than the previous experi- 
mental sample rolled the same way. On standing about £ days, 
however, the produot softened somewhat and its length lnoreased. 
It will pass extensibility speoifioations even after it is re- 
moved from the drier. 

Analysis of the first two oiled batohes showed 14.451 and 13.85» 
oil respectively. It is Dr. Burrows* belief that in large soale 
produotion, it would be diffioult to hold the oil concentration 
to muoh better than 14% ♦ 15». The water oontent before rolling 
was about 195», and aft enrolling, 3.5> and 4.2% for the two 
oiled batches. 

The principal difficulty experienced in manufacturing this 
plastio ooours in rolling. The wet, oiled PSTN pressed through 
the rolls very easily the first 2 or 3 times, but after that 
it beoomes firm and must be forced through the rolls. The 
water which is squeezed out of the material lubricates the sur- 
faoe of the rolls so that they cannot grip the material and 
pull it through. 

In an effort to remove some of the water whioh is trapped in 
the oiled PETN during oiling, the material was oiled hot. It 
was hoped that hot oiling would bring the water to the sur- 
faoe, where it could be deoanted. This method did not help 
very muoh, possibly beoause the material was not allowed to 
get hot enough. 

- 4 - CONTIDUJTIAL 
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The only ether variation in procedure which was possible with 
the equipment at hand was to oil some PSTN from a slurry. For 
this purpose, a small laboratory inoorporator was used to 
slurry-oil 8 lbs. of PSTN. This material was oooled, filtered 
and rolled without any visible improvement. 

It will probably not be advantageous to heat the rolls and roll 
PEP-2 hot, beoause PEP-2 does not soften up on heating. 

The aaximum possible produotion of PEP-2 per shift (about 
S-l/2 hours of aotual rolling) on one roll with the present 
prooedure is 500 lbs. This is about the rate of produotion 
of wet Composition 0 whioh can be turned out at the rate of 
80-100 lbs, an hour. When Composition 0 is rolled dry, one 
roll oan turn out 250 lbs. an hour. Composition 0-2, however, 
can be turned out at the rate of 1000 lbs. an hour by one roll. 

Dr. Burrows did not think it would be advisable to roll dry 
PXP-2 beoause of its sensitivity. 

Some work will be done, soon, at Bruceton to determine the 
effects of water and method of incorporation on rolling on 
our roll mill. 

(2) 
JMftiito 

Tests of BJg Polar P.». Made with British 

After 3 months* storage at 60*0. in olosed and open containers, 
the samples of ££QC Polar P.B. made with British lecithin still 
show no signs of deterioration in plastlo properties. The 
samples are somewhat firmer than when first made, but are 
perhaps of better consistency beoause of this faot, since they 
were rather soft when first made. As has been mentioned pre- 
viously (PT-18, page 5 and PT-19, page *) samples made with 
American soy-bean leoithin deteriorated rapidly at 60°C. 

2. Composition B 

(1) The Pee of Paraffin in Composition B 

(a) Exudation Tests (L. Goodman) 

Exudation tests were made with 1* oylinders, 1/2" high of oast 
Composition B, whioh were held at 60°C. on a staok of filter- 
papers in a weighing bottle. The loss in weight of the pellets 
after one week has been determined, to oompare the behavior of 
Composition B with paraffin and that of regular Composition B 
made with 90/10 Aristowax-Alox. The following results were 
obtained: 

: i i 
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Pellet *Los s in Weiftht 

Composition B (Aristowax-Alox) 

Sample I 0.281 

Sample II 0.415 

Composition B (Paraffin) 

Sample I 0.110 

Sample II 0.113 

I I 

i '■ 

I ! 

I 

These values are all somewhat high, as the result of a certain 
amount of loss of TNT by sublimation, but it seems dear that 
the substitution of paraffin for Aristowax-Aloz in Composition B 
should not increase exudation. 

(b) Bullet Sensitivity (W. H. Rogers) 

The relative sensitivities to bullet impact of Composition B 
made with Aristowax-Alox and with paraffin have been further 
studied by trials in which the materials were tested, oast in 
1-1/2" pipe-nipples, using the caliber 0.50 ball, M-2 bullet. 
The following results were obtained: 

Explosive NOj 

Composition B(Aristowax-Alox)   25 

Composition B(Paraffin)        30 18 8 

&,  B.C. 

4 

1    3 

Under these conditions it appears that the material made with 
paraffin is, if anything, somewhat less sensitive than the 
regular Composition B, whereas the more extensive tests made 
with the caliber 0.30 ball, M-2 bullet indioated the two to be 
of about equal sensitivity. In any case, it seems dear that a 
ohange from Aristowax-Alox to paraffin would have no harmful 
effeot on bullet sensitivity, 

(2) Properties of 55/45 Composition B 

In oonneotion with a proposal to lower the RDX oouoentration in 
Composition B from around 60jt to around 55jl we have measured 
the drop in viscosity and the decrease in power (Bdlistio 
Mortar) attending suoh a ohange. 

t\ 
.j 

i 

( - 
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The decrease In viscosity will depend on the Initial viscosity 
of the 60* slurry, being the greater» the higher Is this value. 
The following table gives the ratio of the visoosltles at 100«C 
of 60* and 55* RDX slurries (otherwise Identical) for a few 
different values of the viscosity of the 60* slurry1« 

V?(60*) 
loo«c 

5 poises 
10   " 
25   " 
50   n 

17(60*) /Vl(55t) 
J.0QSC /    100« 

3.0 
4.0 
5.6 
8.3 

These values were checked by diluting a slurry of initial vis* 
cosity 23.2 poises from 60* RDX to 55** The viscosity was re- 
duced to 4*8 poises, giving a ratio of 4.9. 

The deorease in powder, as measured by the Ballistic Mortar, 
attending dilution of a Cyelotol from 60/40 to 56/45 will be 
expeoted to be about 2 T.V. units, or 1.5*, as determined 
by measurements of the power of a series of Cyolotols of 
varying compositions. 

(3) Segregation of RDX in Composition B 

It has been pointed out to us by Lt. Comdr. Stephen Brunauer 
that the British have made experiments on sectioning large 
castings of Composition B and Torpex, and flud areas from which 
THT has drawn away on oooling, leaving abnormally high concen- 
trations of RDX. They regard the role of wax as a phlegmatiser 
in such mixtures as that of a desenaitizer of these areas. We 
have made 2 cylindrical eastings of Composition B's of 8" 
diameter and about 10" h«gh, and inspected them for high RDX 
areas. In one of these oastings, whioh analyzed 53.3*RDX in 
bulk, there was a central section markedly lighter in color and 
porous in appearance, whioh contained 66.1* RDX. The other 
easting showed a similar segregation- but was not analyzed. 
A similar oa*ting was made with a 60/40 Cyolotol; this casting 
oavitated instead of segregating at the core, apparently beoause 
the material happened to be less viscous, and perhaps because 
the conditions of cooling were somewhat different. It is 
planned to prepare more oastings, with and without wax, of 

'-This table has been constructed from general results on the 
concentration effeot on the viscosities of Cyolotols, and 
involves many measurements of a large number of slurries. 

; i 

i 
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similar viacositiea and cooled under identical condition» to 
investigate this matter under controlled conditions. 

3« Liquid Explosives* Sensitivity of Metterllte 20 to SheJclng 

Various tests of the sensitivity of Methylite-20 to such severe 
blows as those provided by bullet-lmpaot, dropping of containers, 
and striking containers with a heavy pendulum have been made« 
It was deolded to arrange a shaking test to determine its 
sensitivity to many repeated blows of mild nature. A pint 
paint can, half filled with Mathylite 20, with 16 ball-mill 
stones added, was oovered and attaehed to the platform of a 
shaking machine« The can was subjected to 8 hours of shaking 
through a 6" amplitude, at the rate of 172 shakes per minute, 
without detonation* 

4. Em yf80* ofJj^f*3yAotive Agant* on *** PowabllltT 0f 

(1) Quaternary A—onlum Salts 

Two sueternary ammonium salts, trlethyl eetyl ammonium bromide 
and dimethyl ethyl cetyl ammonium bromide were received from 
Onyx Oil and Chemical Company« These were olaimed to be 
ohemioally pure. Both of these compounds improved the pours- 
blllty, but the dimethyl ethyl cetyl awmonium bromide reacted 
Immediately with THT to give a red oolor, and the trimsthyl 
oetyl ammonium bromide reacted slowly upon standing with molten 
TNT. The pH of a saturated aqueous solution of the dimethyl 
ethyl compound wss 7.6, indicating the presence of free smine, 
while the trimethyl compound had a pH of 3.9. Vaouum Stability 
tests run on s slurry containing O.Sjf of the trimethyl compound, 
indicated excessive gas evolution. 

(8) Other Surface Active Agents 

A serlss of oatlonlcally aotive surfaoe-aotive agent«, derived 
from triethylene tetramine eon^nsti eith fatty acids, supplied 
by Synthetic Chemicals Company, were investigated. All of them 
reaoted with TNT« 

A glyeerlde supplied by Hachmeister, Inc, was tried. No 
obvious effect on the pourability was observed. 

(3) Lecithin Extract 

Tc date, the best aurfaoe aotive agent for Ednatols appears to be 
the aoetone extract of leoithin. Consequently, it was decided to 
evaluate this agent in a more quantitative manner. 

. 
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(a) VIscometry 

The modified Stormer viacometer is not well suited for measurements 
of viscosities of flocculated slurries because they have a tendency 
to segregate around the stirrer, but when the agent has been 
added, then the stirring tends to whip a.«r into the slurry, 
since the foam is stabilised by the agent. Accordingly, an 
efflux viscometer previously built for Cyolotol studies was used 
in this investigation. The diameter of the tube is 6 cm«, the 
diameter of the orifioe 1 cm., and the length of the orifioe tube 
4.7 cm. The tube is placed in a water bath which is heated 
eleotrically, maintaining a temperature of 100«C. The standard 
procedure adopted was to plaoe a ruboer plug, connected to a 
stiff wire, into the orifice; add 200 grama of slurry into the 
viscometerj allow the slurry to attain a temperature between 
99O.100«; then pull the plug and observed the time for 50 grama 
to flow into a beaker on a balanoe below the orifice. 

57* Bdnatol alurry, using standard duPont pilot-plant Haleite2, 
a plaoed in the tube. When plug wt pulled, only the slurry 

A 
was .       ____    r ^  w m^r  „„^ ^ .^^^ 
direetly over the orifioe dropped^through"while"the"rest*of*the 
Haleite on the sides formed a loose network through which only 
THT drained. Plow stopped before 50 grams had been collected. 
Another 67* slurry was made up with the addition of 0.36* aceton« 
extraot of lecithin. The efflux time for 50 grams was 4.9 seconds. 
The qualitative appearance of the flow was entirely different, 
there being no tendency to set into a semi-rigid "network," as 
in the absence of agent. 

Now the effeet of this "network" of crystals will be most 
important when flow occurs under small shearing stresses, as 
in this small efflux viscometer; in pouring from large kettles, 
where the shearing atrtaa»»  are high, the effeots of flocoulatlon 
will probably be saaller. Accordingly, efflux experiments were 
alao done in whioh the slurry was stirred vigorously with a 
motor-driven ring-stlrrer, which tends to break up the Haleite 
network meohiHIcalls, in the hope of obtaining results whioh 
would be more representative of the comparative behaviors of 
treated and untreated Bdnatols in large batohes. The following 
table gives result«, with and without stirring, for several 
Bdnatols without added agent, and for a 57* Ednatol with the 
lecithin-extract aa agent, in the amount of 0.3*. 

! 

i\ 

8This material has the following grist: 
On #30   1.8* 
#30-50  3 6.3* 
#50-100 81.2* 
#100-200 1.7* 



f Tine of Efflux of 50 Gram» from 200 Grams 
in the Efflux Viscometer I ' 

Compoaltion No Stirring 3tlrrin« 

50% Haleite no agent 
52% Haleite  »  " 
52%   "    «  • 
57%   "    n       n 
57%   n agent added 

2.7 860. 
3.5 see. 

(50g will not flow out) 
4.9 see. 

4.4 sec. 
4.4 see. 
4.8 see» 
14.6 sec. 
K  ^  •* A a» 

These results are not sufficiently extensive to be conclusive, 
but they suggest that a 57% Zdnatol with about 0.3% of this 
agent will have an efflux rate with stirring in this test, about 
the a axe*  as that of a 53-54% slurry without agent* Compared 
without stirring, the effect of the additive will be made more 
striking, but it is not dear just which test is representative 
of the differences which will be found in large-scale pouring. 
Further tests, including pouring-tests from kettles, will be 
made. 

(b) Stability 

Samples of Bdnatola containing 0.3% aoetone-extract of lecithin 
have been compared, with untreated material, in the 100*0 Vacuum 
Stability test, with the following results: 

100«C. Vacuum Stability 

Sdnatol (untreated) 
Bdnatol ♦ 0.3% lecithin extract 

n      a      N       n 

Gas evolved in 48 hr. 

0.76 
1.68 
2.02 

The addition appears to increase the gas volume but it is not 
mad« as large as that from, say» 50/50 Pentollte. 

(c) The Bffects of Lecithin Extract on Other Materials 

It has been found that the lecithin extract Improves the 
pour ability of DBX and Baronal; the effect was noted «lien the 
agent was added to mixtures prepared with very finely-divided 
ammonium and barium nitrates. 

Samples of dry-milled RDX Polar PS have been made using oils 
which were 95/5 Gulf Crown Oil E - Acetone Extract of Lecithin 
and 95/5 Gulf Crown Oil E • Aoetone Residue of Lecithin, in an 
attempt to see whether in this application of lecithin (the 
normal oil is 95/5 Oulf Crown Oil E - Leolthin) the aoetone 
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eztraot might «tlso be the active Ingredient. The converse 
appears to be the ease, for only the aeetone residue gave a 
good plastic. 

5. Desensititation of Service Munitions 

The purpose of this project, which has bec.i given the title 
"Desensitization of Service Munitions" is to develop methods of 
diminishing the drop and bullet sensitivity of depth bombs» 
O.P. bombs» and other service munitions, particularly of 
munitions loaded with aluminized explosives. The following 
constitutes a brief report of the preparation of lined and 
nose-padded oases of the A* D. Bomb» AM-Mk47, which are to be 
loaded with Torpex II at the Naval Mine Depot» Yorktown» 
Virginia» and subjected to the hard-surface drop teat at the 
Aberdeen Proving Ground* Three types of linings, ten bomb» 
each» were prepared. 

(1) gRL gxporlmontal Lining. Type A 

These bombs have been given a nose pad, about 1-1/2" thick at 
the center, and a 1/4* thlok wall lining of a soft and rubbery 
asphalt, oalled "H.H.Robertson Compound Ho« SR1741." This 
material la a bituminous-like oompound, characterised by having 
a high viscosity index, and being of a rubbery nature over a 
wide temperature range* The following are of particular 
interest among the data comprising its speoifloationa.: 

1 : 

(a) Softening Point ASTIf D-36 

(b) Penetration A3TM D-S 

(1) at 77«P. 
(2) at 32«P. 

(c) Recommended Pouring Temp« 

245 to 260*P. 

30 to 38 
23 to 30 

450«F. 

I 

This material, when mixed with Torpex II does not lnorease its 
gas evolution in the Vacuum Stability Test at 120«C,, 'and it is 
felt that its softening point is high enough so the linings 
will not flow during loading of Torpex II. 

The wall-lining was applied by heating the bomb case to 120«P« 
in an oven, transferring it to a rotating device with lta 
cylinder-axis horizontal, adding 10# SR-1741 at 460»F.» and 
rotating rapidly for from 10 to 15 minutes» after which the 
lining was oool enough not to flow further. The nose pad was 
formed by standing the bomb on its nose with the cylinder axis 
vertical and pouring In 5# of SR-1741 at 460«F.» using a special 
funnel to by-pass the hydrostatic fuze and booster tube. The 
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remaining length of the noae-fuze well was covered by a boot of 
1/4" cork (Armstrong 9114) covered on the outside with SR-1741. 

The lining will decrease tne cavity volume by about lOJJ, i.e., 
to 3712 cu.in. 

(2) ERL Experimental Lining Type B (Ten bombs) 

This lining is identical with Type A, except that it has a 10# 
nose pad, about 2-1/2" thick at the center. 

This lining will decrease the cavity volume by about 13#, i.e., 
to 3574 cu.in. 

(3) SRL Experimental Lining Type C (Ten bombs) 

These bombs have been given a nose pad, about 2" thick at the 
center, and a 1/6n thick wall lining, of a low density, fine 
grain, cork sheet called Armstrong 9114. This is a material 
of quite different nature than any which has been already tried» 
and is known for Its excellent shock-absorbing properties. 

The nose-pad was built up from eight discs of 1/4" sheet of 
appropriate diameters, glued together with 3M Elastic Cement 
5G-260 (Minnesota Mining and Manufacturing Company)» The 
wall-lining of 1/8* sheet was made in two pieces, and glued to 
the walls at the Joints with the same cement. The entire cavity 
was firuxly painted with Black Anti-acid Cavity Paint, Navy 
Spec 03-1356 (Pruett-Schaffer), special attention being given 
to all joints* The nose-fuse wall was oovered with a 1/4" 
oork boot, also painted with oavity paint. 

This lining will decrease the oavity volume by about 8.5#, 
i.e., to 3772 cu.ih. 

W 

1 > 
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PHYSICAL TESTING 

Report Submitted by 

D. P. MaoDougall and E. H. Eyster 
Explosives Researoh Laboratory 

Bruceton, Pennsylvania 

1. Impact and Mortar (R. Davis) 

During the five-week period between llarch 13 and April 15» 1944* 
9216 snots were fired on 130 samples in. the various impact 
maohines. Most of these samples were of purely local interest 
or are reported elsewhere. 

Work has been almost completed on a series of samples of twelve 
oosmon explosives whioh have been sent out by the Canadian 
National Research Council to a large group of laboratories 
whioh measure impact sensitivity. At £RL their sensitivities 
have been measured on Impaot ilaohlne Designs No. 3» 12, 126. 
and 13. The oolleoted results should be available next raonth. 

Muoh time has been spent during the past month in assembling 
a speoial report on impaot sensitivity work at the £RL, whieh 
will give detailed descriptions of the various uachine designs 
and results obtained with eaoh. 

2. Bullet Sensitivity Tests (W. H. Rogers) 

(1) «MMI t  the Effect of the Container on Bullet 

(a) Effect of Diameter ojg Container 

Last nonth. tests were reported whioh permitted comparison of 
the sensitivities of explosives oast in containers of varying 
diameter and wall thickness but oonstant heirlxt. It was hoped 
that this month a report of tests made et the upper limit of 
this soale could be given. Pentollte was cast in five-inch 
nipples three inches high and caps were screwed on. Three 
such charges were tested and, although the first two clearly 
passed, the third detonated with enough violence to damage the 
bomb-proof seriously. Examination of the inert oases re- 
vealed that the bullet in both instances had penetrated 
about three and a half inches, powdering the explosive for 
at least a third of the total volume. It has been judged 
unwise to make further tests of such large oharges until a 
stronger testing chamber is available. The results of only 
three shots are of little significance in themselves. 

i 
1 ! 
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Bffeot of Soale of Container 

The effect of doubling the linear dimensions of a container 
was studied by oomparlng the sensitivity to impact of oaliber 
0.30, ball, M-£, bullets of 50/50 Fentollte oast in 1" pipe- 
nipples, 3" long, with that of the same material oast in £" 
pipe-nipples, 6" long. The wall-thiokness, of oourse, was 
not inoreased by a factor of two by this method. The results 
were the following: 

Pentollte. 50/50 Oast 

1" p.n,, 3" long 

2" p.n., 6" long 

I : 

Noj,  N.B.   E.g.    Ej. E.O. 

40    30     3      2 5 
(75*) (7.5» (5*) (12.5*) 

20     7    11      1 1 
(35» (55*) (5*) (5*) 

The partials in this 8" series are not so violent, on the whole, 
as those obtained with the 1" containers; there was much 
evidence of burning, instead of the usual o.uiok flash. 

(o) future Work 

It is felt that these results make it dear that rather small 
changes in the shape, size, and wall-thiokness of the oontalner 
may cause significant ohanges in the sensitivities of the 
loaded containers, On the ether hand, there seems to be no 
regularity or apparent simple interpretation of the results 
whloh have been obtained. Aooordlngly it has been decided to 
abandon the use of pipe-nipples for these tests, and to pre- 
pare speoial oontainers whose wall-thicknesses may also be 
systematically varied, or held oanstant for a variety of con- 
tainer shapes and sizes. 

(2) gullet Sensitivity of Ainn.< «<■»«<* Explosives 

As a part of an extensive program for study of Aluminized Explo- 
sives at ERL, the bullet sensitivities of Torpex II (unwaxed), 
Minol II, DBX (unwaxed), and Ü.VE (80/20 TNT - Al) have been 
studied, using Composition B as a comparison explosive of the 
non-aluninized type. These Aluminized Explosives had not been 
tested extensively by this method at ERL, so it was decided to 
disregard all old data (suoh as that reported in OSRD Report 
No. 3156) and begin anew. These explosives have been tested 
oast in 2" pipe-nipples, 3'1 long, and oast in 3 x 3 x 3" boxes 
of 20 gauge steel, A few tests using, 3x3*3' boxes provided 
with heavy steel baok-platea showed that steel backing does not 
alter the results. 

: i 

( 
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Careful observation of the "partial explosions" obtained with 
these materials revealed that it is necessary to distinguish 
two types of partial explosions. One type, whioh will be 
oalled Type I, is that typioal of Aluminized Explosives, 
eharaoterized by a large, bright flare and absenoe of noise 
or serious damage to the container. The other, whioh will be 
oalled Type II, is the normal partial explosion, as found with 
all ordinary explosives. The Type II partial is generally more 
violent, and more of a real explosion. The results of bullet 
tests, to date, are the followingt 

Oal. 0.30, ball, M-2; 2^ pipe-nipples. 3£ long 

I : 

Sxplosive No. N.B. S.Pp; 2.P. j j  B. 1-0. 
i 

Composition B 20 19 
(95*) 

- (i*) - 

U,W.B. 20 12 
(60*) (20*) 

4 
(20*) 

- 
i 

Minol II 20 -- ä 10 
(50*) 

10 
(60*) 

- 

i 

DHX (unwaxed) 20 - 
(30*) 

14 
(70*) 

- 
i 

i 

Torpex II (unwaxed) 19 - 6 
(31.6*) 

12 
(63.2*) (5.2*) 

» 

Cal. 0.3C i, ball, M-2; 3 X 3 X 3" boxes 
w 

Composition B 20 20 
(100*) 

- - - 
i 

* 

U.W.E. 20 19 
(95jt) (5*) 

- «• 
1 

Minol II 21 15 
(71.4*) 

5 
(23.8*) (4.8*) 

- 

DBX (unwaxed) 20 14 
(70*) (30*) 

- - 

Torpex II (unwaxed) 20 4 
(20*) 

16 
(80*) 

I 
1 
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The pipe-nipple test seems espeoially suited to distinguishing 
Torpex II, Minol II, and DBX, as a group, from U.W.S. These 
three explosives are shown to he more sensitive than U.W.B» at 
the 95> oonfidenoe level, while no differentiation oan he made 
among the three at this level with the number of test-shots 
made U). On the other hand, U.W.S. itself is shown to he 
more sensitive than Composition B at the same oonfidenoe level. 
To distinguish among the sensitivities of Torpex II, Minol II, 
and DBX in this test, either more shots would have to be fired, 
->r the oonfidenoe level to be regarded as significant would 
have to be lowered. At 90% oonfidenoe level the three still 
are indistinguishable, while at 80%, Minol II is distinguished 
as the most insensitive of the three, while DBX and Torpex II 
are still indistinguishable. 

The 3x3x3" box test is best suited to distinguishing Torpex II 
as the most sensitive of the explosives under test. Sven at the 
99% oonfidenoe level it is so distinguished. At 95% oonfidenoe 
level, Composition B and U.W.S. are distinguished as less 
sensitive than Minol II and DBX. Sven at Oonfidenoe level 80%, 
however, these data do not distinguish between Composition B 
and U.W.S., or between Minol II and DBX. 

Finally, oombining the results of the two tests, the following 
order of sensitivity to bullet lmpaot is found: 

Torpex II > DBX > Minol II > U.W.S. > Composition B. 

Saoh of the above distinctions is made at a oonfidenoe level of at 
least 95% in at least one of the container types, exoept that 
the distinction between DBX and Minol II may be made only at 
oonfidenoe level 80%. These two types of test will be used as 
the primary method for studying the phlegmatizing effeots of 
waxes and other materials on aluminized explosives. 

(3) Sensitivity of Plaatlo Sxploslves to Incendiary Bullets 

Both Tetryl IPS and Composition C-2 (M4) were tested in 
3x3x3" boxes with Incendiary bullets, the former only with 
oaliber 0.30 Incendiary, Ml, the latter with both oaliber 
0.30 and oaliber 0.50 Incendiary, Ml. In all series the 
appropriate front plates were attaohed. The results are as 
follows: 

(1) For a disoussion of the use of confidence limits, and the 
distinotion among explosives at various oonfidenoe levels, 
see OSRD Report No. 3156, page 36 ff. 
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Cal. 0.30 Incendiary. Ml 

Tetryl IPB - 3x3x3" boxes, 
3/16" front plate 

Comp. C-2 (M4) - 3x3x3'» boxes 
3/16" front plate 

Oal. 0.50 Inoendlary. Ml. 

Coop. C-2 (M4) - 3x3x3n boxes 
1/4" front plate 

Apparently the conditions of this test are cot severe enough to 
make It of very rauoh interest. Tetryl 3PK will be tested with 
the oallber 0.50 Inoendlary bullet, however. 

3. Sensitivity of Explosives (0. A. Weltman) 

Max. 
Tine - 10 NT 

Min. 
Time » 107 

Av. 
Time 

The sensitivity to flame of several oast and pressed pure 
explosives and explosive mixtures has been determined. The 
results are summarized in the following tables: 

A) Pure ggplosives 

Bxplosive 

Cast TUT 
Pressed TNT 
Pressed Haleite {♦2ft wax) 
Pressed Tetryl 
Pressed BDI (+2£ wax) 
Pressed PXTN (*25& wax) 
Cast DDU 
Cast livoaite 

I.I. 

.607 ~2 ~1       ~100 

.697 ~2 ^1        ~100 

.643 .806 .725    138 

.384 .434 .409    244 

.286 .434 .360    278 
will not continue to burn 

it 

N « 
ft 

It 

«t 

n 

B) Explosive Mixtures 
Max.       Min. 

Time » 10 NF Time - 107 Zxplosive 

Cast Comp. B 
Pressed Comp. A 
Cast Torpex (no wax) 
Cast 50/50 Pentolite 

Pressed 50/50 Pentolite 
Oast Sdnatol 
Oast 75/25 Tetratol 

Av. 
Time I.I. 

.485 .643 

.384 .643 

.434 .589 
Very diffioult to ignite 
oontlnue to burn. 

.564 177 

.514 195 

.511 196 
will not 

It 

tt 

If 

H 

ft 

M 

If 

It 

It     It 

II     » 

It     It 

I 
1 I 
' i 
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TNT unfortunately oomes Just at the limit of times which can 
be measured by controlling the opening in the rotating wheel 
of the flame-test machine, so that the minimum time for 10 
successive fires must be measured with the stopwatoh, and is 
not well determined« It is believed that oast and pressed TNT 
behave in the same manner to flames. 

Haleite, BOX, and PBTN were all given c EJ* wax eoat so they 
oould be pressed to good pellets. This probably lowers the 
Z.X.'s of all of them, but should not ohange their relative 
sensitivities to flame (Compare RJS ♦ 2$ wax with RDX ♦ ojt 
wax in Table B). It is interesting to note that the three 
explosives which oould not be oaused to oontinue burning were 
all ester-nitrates. 

« i 

i 
t 

! : i 

( • 

Among the mixtures, oast Composition B is found more inflammable 
than TNT, and less inflammable than BOX, The addition of 
Aluminum, to form Torpex, inoreasea the flame-sensitivity, 
■hen PSTN is added to TNT the inflammability is reduoed until 
burning will not persist. The insane it ivity of Sdnatol and 
Tetratol, however, is not easy to understand, slnoe it would 
appear that these mixtures are less sensitive to flame than 
either of their components. It is planned to try to modify 
the flame test so that the heated surfaoe will be horizontal» 
and so, hold the melting material, instead of allowing it to 
drip off. This may make it possible to burn some of the less 
inflammable mixtures. 
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THE SFFSOT 07 w*yp ON C0N7INZD EXPLOSIVES 

Report Submitted by 
D. F. MaoDougall and 0. H. Messerly 

Explosives Researoh Laboratory 
Bruoeton, Pa. 

Abstraot 

The behavior of Composition A on heating in a olosed bomb is 
similar to that of pure RDX. 

The Tetryl booster in the Uark46 detonating fuze, used in 
the Mark 55-3 five inoh projeotile, will detonate at a 
temperature at least as low as 135°0. The detonation is 
initiated by the sensitive fulminate primer, and ooours 
even though the fuze is in the safe, or unarmed condition. 

Report 

Investigation Group: X. 0. Broge and H. A. Streoker 

Further experiments have been made in oonneotion with the 
problem of the "oooking-off" of projeotlles in overheated 
antl-airoraft guns, consisting of a low order detonation of 
the projeotile in the breech of the gun. In previous reports, 
data were reported for the effeot of temperature on the more 
oosmon military high-explosives. 

"Explosion" temperatures were determined for Composition A 
(BS431), pressed at 10,000 p.s.i., using the methods and 
apparatus previously desorlbed. The data are tabulated below 
(Table £), and heating ourves for the experiments are shown 
in Tlsure 1. Composition A behaved quite similarly to RDX, 
exoept tha? no melting point break was found in the heating 
ourves; in each case, rapid decomposition started at about 
200*0., and no appreciable decomposition was observed below 
this temperature. Damage to the oylinders containing the 
explosive was almost the same as for pure RDX, and typioal 
damaged oylinders are shown in the aooompanying photographs. 
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i     4 

i   i 

«O 

V 
An 
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? 
4* 
0 

8.9 

3.3 

8.9 

3.3 

3.6 

9 •  .   • 

v-1 I 
it * g*>  4»—  «>» 

I« 
64 813 830 170 808 Cylinder 

quartered 
61 813 813 168 801 fells!»* 

»pUt In half 
64 814 880  -  804 Cylinder 

split la 3 pleoea 
87 813 830 173 803   ■   ""~*~ 

88 818 801 801 Oyi 
«pUt in half 

In tha table, the lower espioaica Unit la taken a« to* paint 
at whieh the rate.ofwheetins of the aample Just exceeds the 
rate of heatiaa of tha boob; deoonpoaltion of tha aatploalva at 
an appreoiehle rmta la beginning at thla teapcreture. fta 
upper explosion Unit la takan aa tha point at whieh tha 
intarnal rata of heating U twiee tha aztaraal rat«; aerked 
deoonpoeltlea of tha exploelTe la ooourrlng at thla temperature. 

Zn oonnaotion with tha epeeiflo problam of "oooklng*off* In 
tha aaaa of Mark 38-3 fiwe lnoh project 11M, experiment! were 
oarrlad out to deteraihe tha exploslye aaterlel prasant whloh 
la laaat thermally atabla. 4a uaed, thaaa projeotUee ara 
loadad with Aaaoalum Siorate (kxploaire 0) praaaad to a danalty 
of about 1,6 aöd equipped with a üark «8 auxiliary detonating' 
fus» In tha noaa and a liaric 88-8 has» fuse, the Merk-48 fuse 
oontaiaa about 18 g. of Tetryl aa booater, with meroury fulalnate 
as Initiator; tha Mark 88-8 fuse oontalna about 8 g. of Tetryl 
aa booater, with mareury fulolnate aa initiator. The for-er 
ia a tlna fuza, tha latter a oontaot fuse, figure 8. show» a 
aketoh of the Mark 46 fuse, and tha ▼arloua parts are ahown in 
tha accompanying photograph. 
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In order to determine the damage done by detonation of a 
Mark 46 fuze, the detonator assembly was replaced by a mild 
steel plug and the booster detonated with a #6 detonator. 
The fragments obtained are shown in the photograph with the 
dls-assembled fuze. In studying the effeot or temperature on 
the fuzes, experiments «ere made using oomplete fuzes, fuzes 
with detonator assembly removed, and with booster remored. 
The complete fuzes were arranged with a thermocouple inserted 
Into the center of the booster through the bottom and sealed 
in plaoe with porcelain cement; a second thermocouple was 
Inserted in the firing pin well after removal of the pin, so 
that its junotion rested on the oaae of the detonator and waa 
sealed in the top plug with porcelain oement. In tills way the 
fuze waa maintained as nearly gas-tight as in its Initial state. 
The data obtained with the oomplete fuzes are tabulated below 
(•rabie 2), and photographs of the damage from the explosion 
are shown for two typioal oasea. Heating curves are shown for 
three experiments in figure 3.. 

2£D±£Ü 

ii 
• o r 3 1 

"3 88 "8 g •    • MH £H *JH-» U-rt o . 
S3-. 8 o 

o    a 

ill 
O « 

O 
•      • o      • 4» if A &%? 94* «A« 

6 146 — 1.3 77 

9 135 144 1.7 62 

13 145 153 2.6 46 

14 147   2.0 52 

15 154 145 3.2 37 

16 151 156 4.2 35 

23 143 165 6.5 26 

§5 

Booster oase fragmented 

Fuze oase fragmented 

I»   It N 

Booster oase fragmented 

In none of the above experiments was any sudden rise observed in 
the booster temp, prior to explosion, as was found in previous 
experiments with Tetryl when decomposition ooourred. 

c 
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Two experiments were run with the detonator assembly removed 
and a thertuooouple sealed Into the booster. The heating 
ourve (Figure 4) Is almost identical with that of Tetryl in 
previous experiments. In eaoh oase rapid decomposition started 
at about 175°0« and the oharaoteristio break at the melting 
point (about 130*0.) was observed. 

Several experiments w» mads with detonator assemblies and 
without the fuze oase. In all experiments, the thermocouple 
was sealed in the firing-pin well. It was found that the 
explosion temperature rose with increased rate of heating, and 
a series of heating curves at various rates is shown in 
Figure 5. Part of this inorease may be due to a greater lag 
in temperature between the point at which the temperature was 
recorded and the detonator material, but it is probably largely 
due to a real inorease, as has been reported in an other 
investigation 1). The results are given in Table IH. 

I : 
il :" 

Is. Xxplo8lon 
No. temp., °C 

2 150 
17 144 
18 166 
19 17ft 
20 178 
SI 147 
22 142 

Table {.J| 

Bate of heating Time of expl. 
above 100*,•/min. min. 

2.4 40 
1.6 60 
4.0 33 
6.2 27 
7.0 23 
2.0 50 
1.0 105 

All the above experiments were run without the fuze oase and 
the damage was identioal; the oase was torn and the Inner 
parts thrown out, but no fragmentation occurred. 

In order to determine the effeot of the detonator explosion 
in the fuze oase, three experiments were run with fuzes having 
the booster oase filled with lead and a thermocouple inserted 
into this as in a regular booster. No damage was done to the 
fuze oase and the only evidence of decomposition was a slight 
temperature rise (see Figure 6) between 145-150*0, 

In order to further investigate the stability of the detonators, 
experiments were run in which fuzes, arranged as previously 
desoribed were heated rapidly to scae temperature below the 

(l)Tamman and Eroger, Zeit. Anorg. Ohem. 169 1 (1928) 
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£4 139*1 
£6 1317s 
£6   l£7+£ 

1£5±1 
!££♦£ 

180*1 

the temperatures 
and a normal Tetryl deeoapositlon found, ladloatlne: 

ID top. £8, after beta« *•** •« IM* 'or S 
«•ze raised, 
that tat detonator material had deeonposad tlo*ly dariae; the 
heatiae> Mo temperature rtee occurred before taa asploaloa la 
any of taa experiments. 

Frerteu» eaperUwats ladlsate that mmmmm » does not 
begin to dsoompoee until a teaperature of about £78*0, and 
that Tetryl, although deoonposltion starte- at taa melting 
point, baa an upper exploalon Unit of la5 • 170*0. Taa 
present aaperlaantc «how tbat the laaat atabl« point in tba 
proJeatlie is tba fuse, and tbat tba datonator la the least 
atabl« part of the fun«, fas ▼iolsass of taa explosion of 
the fuss would probably as suff islsnt to st least sauss a 
order dstonstion of tba nein «barge, whiafc ia anat happened 
xn raportad esses of "oooking~off." 

Ho experiments here bssn run witb tbs Mark £8-8 fuses, as it 
is felt tbat their beharior would be similar to the hark 46, 
and it baa been found diftloult to insert thsmooouples so 
that any very reliable teaperatures oan be obtained. 
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nert Submitted by 
• W. Lewrenoe 

Hercules Powder Company 
Wilmington, Delaware 

§ensj£ljeness. l£ IsBnfix 

The objeot of tills particular phase of the work on the 
senaitlTeueea of explosives is to determine the effect of 
sand-blasted surface» on the impaot sensitivity of PUN. It 
is desirable to have Information on this subject beoause 
sand-blasted surfaces are eepeolally useful in testing ex- 
plosives such as Tetryl, wax desensitised nEBI, etc 

In en early report*, W. 8. Xoskl investigated the use of 
sand-blasted striking surf noes and found that the result« 
obtained using 80 ng. of RBI and tSkg. «eight «ere 
appreciably the sane as thoee obtained with smool 
This conclusion «as oonf imed using *©. SO Oerundusi (i 
oxide) as the sand-blasting nsdium and eppears to hold 
«ben Ottawa Flint Shot is used. Sovever, «hem a coarse? 
abrasive, MO« 10 Corundum, is any joyed, this In not the 
as the height of fall necessary to produce 50* shots is 
greatly reduced to a point cpproxlsmtely s/& of that nee 
for smooth surfaces (seeJE|$sft £ end «üB m 1)> This relation- 
snip hen been found to 
ever, for 
that the height 

for enounts up 40 

of fall us; 
this, 

Vo. 
there is reason to bei* 

_   10 Oorundusi spproeei 
is equivalent to the height of fall using the finer abrasives 
and snooth surfsees 
enounts in exoess 

It 
of 40 

is planned to do future work using 

When enounts smaller than 20 mg« are used the height of fall 
for 904 shots deviates from the linear relationship. When 
2.5 mg* is used the height is approximately 1/2 the height 
if the linear relationship existed for small amounts, 

future work will be done to determine the height of fall for 
small amounts of FSEH using smooth surfaces • 

ISPTliaeafrfl., Proocdure and. Results 

The Bureau of Mines Impaot Machine, which was used for this 
work, has been desoribed in the opening reportf 

* Report dated 9-4*42, £X 2078, Beroules Powder Oompeny, 

G 
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The hammers and anrlla used were made of hardened tool steel and 

C^      sand-blasted with various abrasives using a gca with an air jet 
v '  of 7/52 in. and approximately 85»?0 p«s.i. air. The three 

abrasives employed along with their partiole size and surfaee 
roughness produoed ere listed in Table ^. 

Abrasive 

Ottawa Flint Shot 

Ho. 80 Corundum 

Bo. 20 Corundum 

Table 1 

Souroe 

Ottawa Silioa 
Send Oompany 

Abrasive Products 
Company 

Abrasive Produots 

Average     Surface 
Partiole Size  Roughness* 

(mm.)     (mjorons) 

0.9 

0.6 

8.5 

11 

SB 

SO 

I 

• The Surfaoe Bougbness is a measurement of the vertical 
dietaaoe between the high and low points on the surface. 

The horisontal distanees between the high or low points on the 
surfaces sand-blasted with Ho. 10 Oorusmum were about 5 or 10 
times greater than those sand-blasted with Ho. SO Corundum* . 

The PISH used was of the St*aa«rd lasign-BioJlcford Primaeord 
type end had been thoroughly dried« It had a sereen test analysis 
as follows: 

5.60* on 40 memh 
89.88$ on 100 mesh 
66.18p through 100 mesh 

The 15L Ksthod for determining the point for 50Jt shots was 
used. This method is deeeribed in full in the September 4, 1948 
report by W. S. Koski. 

In running the tests a praotloe was made of changing the hammer 
and anvil at least twioe a run. If, at any time, there was a 
rapid ohange in the results, and these appeared to be out of 
line with previous data obtained, then the hammer and anvil 
were replaoed» After eaeh trial the hammer and anvil were 
oleened off with aoetone. 

o 
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O ississ 
Bffeot of äanä-öiasted surfaces on in« lapact 
Sensitivity of PSTN Using 1/2 Xnoh Earner and 

£ Ag. Weight 

/slr^s. 

type Surface! 

OVUHVH Flint 
Shot 

Ho. SO Corundum 

lb* 10 Corundum 

Height of Full (<m.) tor 60* 8bof 
BUM   2.8 m^. 6 ag,. 10 mg. 20 mg. SO mq. 40 »g 

1 
2 

AT. 

1 
2 
S 

AT. 

1 
2 
3 

AT. 

6.0 
7»0 

6.S 

«.0 
5.6 

6.0 

10.0 
8.0 

8.0 
6.6 

10.6 
8.6 

i   i 

o 
-  28 - 

11.6 
16.0 
14.0 

1S.0 
18.0 

9.0       14.0 

11.5 
10.6 

26.0 
S8.0 
29.0 

20.0 
22.0 
17.8 
20.0 

18.1 
12.0 

11.0       12.6 

26.6 
26.0 

26.6 

16 .0 
14.6 
* 

16.0 

QCMgTUpgflffl. 
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Sensitiveness to Prlotlon 

In the preceding report on this Investigation, evidenoe «as 
presented which indioated that for Oyolonite through 3£5 mesh 
the extrapolated height of fall for infinite pendulum weight 
was zero. This oonolusion was most definitely shown by the 
experiments made with the roughest surfaoes. Zt seemed to be 
of Interest to find out whether this result also held for 
different partiole sizes and different explosives. Aooordingly, 
tests have been run on s everal explosives using fraotions of 
various partiole sizes and the roughest surfaoes. This report 
gives the results obtained. 

Results and Discussion 

»ffeot of Pendulum '/eight and Particle Size for Several Srploslves 

The variation of height of fall to produoe 50£ shots with 
pendulum weight has been studied for through 3£5 zaesh and 50 
or 60/100 mesh fraotions of PITH, Tetryl. Cyolonlte, and 
Haleite. The tests were made on hardened tool steel surfaoes 
with a roughness of 30 mioronst wheels £ in. in diameter 
and Vf in* thiok were used, the amount of explosive was £0 
mg./am* or more, and the angle of inoidenoe was 4 deg. Weights 
of 3, 6, 10, and £0 ka. were added to the pendulum« The re- 
sults are given in Table i and figure ^. 

The results for Oyolonite through 3£5 mesh were taken from 
the preoeding report. In the ease of Pentolite the shots 
were not too audible so the results there are not so certain 
as for the others. In all the other oases the shots were 
distinct. Iven Tetryl, whioh cannot be heard when the wheels 
are used with smooth surf aces, gave shots whioh while not loud 
were quite definite. 

1° £LffiU£ 1 täte heights of fall for the SO or 60/100 and the 
through ÄBfrmesh fraotions of PUN, Oyolonite, Tetryl, and 
Haleite are plotted against the reciprocal of the pendulum 
weight. In all oases the extrapolated height of fall at 
infinite weight seems to be zero. This is in agreement with 
the results reported last month where the same behavior was 
shown by Oyolonite through 3£5 mesh with various strikers and 
values of the nurfaoe roughness. 

The ourves for Haleite are interesting in that they oross 
those for Tetryl and possibly also Oyolonite. In the region of 
heavy weights the order of decreasing sensitiveness is PSTN, 
Oyolonite, Tetryl, Haleite. In the region of light weights 
it is PSTN, Oyolonite, Haleite, Tetryl. 

i 
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In all oases, the saall partiole size is more sensitive than the 
large. This is in agreement with all past results on the effect 
of partiole size on the sensitiveness to frictional impact. 

The heights of fall for regular Cyolonite, Tetryl, Haleite, 
Pentolite, and Pentryl* have also been measured. The values 
for the regular paitiole size are, in general, intermediate 
between those for the ooarse and fine partiole sizes as is to 
be ezpeoted. They have not been plotted in figure i in order 
to avoid "">Vlng the graph too eomplioated. However, graphs 
of the heights of fall of Pentolite and Pentryl show that 
they too extrapolate to zero height at infinite weight. 

The sensitiveness of Pentryl seems to be very nearly the same 
as that of Cyolonite over the whole range of weight. Pentolite 
and Tetryl seem to have approximately the same sensitiveness 
throughout, although there is some evidenoe that for light 
weights Tetryl is less sensitive. 

The deorease of height of fall with increasing pendulum weight 
Is of interest as indioating a possible means of extending 
the range of the apparatus to inolude the less sensitive ex- 
plosives. The heights of fall at 10 and especially 20 Kg. are 
so low as to load one to believe that the heights of fall of 
explosives as insensitive as TNT would, under the same conditions, 
be less than 60 am, the limit of the present apparatus. 
Several such explosives have been tried; namely, TNT, Pierio 
Acid, Ammonium Fiorate, and Nitroguanidine. In no case were 
shots definitely audible. It is felt, however, that this was 
due more to the small amounts of explosive shooting possibly 
because of low propagation sensitiveness, than to insufficient 
height of fall for initiation. A striker designed to have a 
larger area of oontaot will be tried in an effort to over- 
come this difficulty. In trying this, however, one will run 
into the difficulty that the height of fall increases for 
strikers with larger areas of oontaot. Areas of oontaot 
large enough to give audible shots vith these explosives may 
require heights of fall greater than are possible with the 
present apparatus. 

Future Work 

Tests will be made on a few initiating explosives to see where 
they fall in the order of sensitiveness. A striker made in 
the shape of a segment of a sphere with a large radius will 
be tried in an attempt to make the less sensitive explosives 
shoot. 

* (2,4,6-trinitrophenylnitramino) ethyl nitrate 
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Jbacperimental 

The sources of the explosives used were as follows: 

PSTN - reoeived from Xenvil Plant 11/1/43 
Cyolonite - RDX, %., R-2106, received from Bruoeton 11/3/43 
Tetryl - form used in blasting caps, obtained from duPont 
Haleite - 3W 96, obtained from duPont 
Pentollte - made in the laboratory, analysis - PITN/TNT 

49.2/50.3 with 0.5£ vei&tile 
Pentryl (2,4,6-trinitrophenylnitroamloethyl nitrate) - 

made in the laboratory about ten years ago by 
Mr. W. deO. Orater (El 3319, Ootober 6, 1933)« 

The soreen analysis of the PSTN, Oyclanite, Haleite, and 
Tetryl used is as follows: 

ff*m SHE Cvolonit« Haleite (SW 80)* 

On 50 mesh 4» 1$ 46* 
On 40 mash 6* 
On 100 mesh K <*o 8 51 
Through 100 mesh 53 
On 200 mesh 40 44 8,7 
Through ^00 mesh 51 47 2.3 

* There was no moze Haleite SW 96 reaaining at the time the 
soreen analysis vas made so lot SW 80 was analyzed. The »en- 
sitlveness of Haleite SW 80 and SW 96 had previously been 
found to be the same. 

! 
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Sensitiveness t£ Qlanolm Jgtl'^r 

Sliding Rod Teats 

SüäiflÄ &* 2S£*fll ttä Operation 

The sliding rod impact machine (see PT-18, pace £8 ft.) 
Introduced into the Investigation of high explosive sen- 
sitiveness so that a study oould be made of the "glenolng" 
sotion produoed by the derioe upon military explosives. An 
adequate explanation of the operational procedure and a 
desoription of the apparatus can be found in the earlier report« 

Past work was oonoerned with obtaining the necessary standard- 
isations for Baking reprodueibility of results possible with 
this instrument. An investigation was made of the effeot of 
amount on the sensitivity of PHH at 30* ( 45*, 60*, and 75* 
slide angle. 

Beoent work has involved a study of the effeot ox various 
metals on the sensitivity of F2XN. Different anvil surfaees 
varying in oomposltlon and hardness have been employed as 
test pieees in a olassifioatlon of their relative sensitivity 
(or safety value) when using a standardised sample of PSTA. 

"■UtilBfl Bo* Tests 

Beoent results end previous data have indicated that it is 
very neoessary to use the following standardisations if re- 
produolbiUty of results is desired: 

1. Screened fraction of explosive. 

£. Weight of sample in the range not affected by amount« 

3. Sand-blasted surfaces (produoing uniformity)« 

The PKES used exclusively in these experiments was screened 
through 40 mesh end retained on 100 mesh« A 38-40 mg. sample 
weight was used beoeuse earlier tests showed little effect 
due to amount in this range for all angles. As before, 
preliminary tests again showed laok of reprodueibility of 
data if an attempt was made to employ smooth machined anvil 
surfaces. The anvil faces were sand-blasted, but it was not 
neoessary to roughen the hardened steel head also sinoe the 
results were equally reproduolble with smooth or roughened 
heads. 
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OONJTIHINTIAL 

Three Intermediate slide angles were added to determine 
sore closely the actual curves of the plotted data: 37.5*, 
52,5». 67,5« added to 30°, 45*, 60°, and 75». The plots 
for various metallic surfaces of the heights of fall pro- 
ducing 50!l detonations of PSTN versus the slide angle« are 
closely "U-shaped". The vertices or minimum limiting Tallies 
are in the 60a-67.S* slide angle range. Hence, the position 
at which moat, aötais effect tu« greatest sensitivity of PITH 
on the sliding rod is between a 60* and a 67.5s angle of 
lnoidenoe of rod and anvil. 

Very little evldenoe Mas found to confirm the view that tha 
hardness values of the metals are in direct relationship with 
their glanoing impaot sensitivity and this property cannot 
be used for predeterminations. Some relationship does exist 
but it is not apparent at this time. 

A few metals such as copper and phosphor bronze exhibited a 
sharp rise in the curves of their plotted values in the 
vioinity of 60s. This produoed a seoondary vertex showing 
a definite desensltization at the 60* angle. No attempt will 
be made to explain this unusual feature. However, the ohange 
definitely does not fall within the range of experimental error. 

future Study ._      ..___._.___... 

Future work with the sliding rod will be conoerned with a 
study of various high explosives. Their range of sensitiveness, 
the individual effeot of amount and partiole size will be 
investigated and a definite classification will be made, an 
attempt will be made to correlate the glanoing impaot data 
with results obtained on the direot and friotlonal impact» 
produoing devices. 

Discussion of Results 

A study has been made of the effeot on the sensitivity of 
PETN of various metallic surfaoes. Different metal anvils 
have been employed on the sliding rod maohine in this testing 
while using a hardened steel striker throughout. From the 
results of previous work on this maohine, it was found neoessary 
to use a soreened fraotion of PSTN and at least a 30 mg. 
sample weight. By having these standardizations, the anomalous 
results oaused by the effect of amount and partiole size ware 
avoided. A 36 to 40 mg. sample of PETN soreened through 40 
mesh and retained on 100 mesh was used as standard. 

» =.- 
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Preliminary work on smooth machined anvil surfaoes, supposedly 
presenting uniformity, indicated (as was shown in the earlier 
report} that good rsproduoibiiity of results was not possible 
under these oocditions. See results shown in Tab^e 1. However, 
data oouid be obtained under better olroumstanoes when the 
anril surfaoes were roughened by sand-blasting which produces 
a uniform surfaoe. It was not necessary also to roughen the 
rod nosepieoe. The values were somewhat higher than those 
found with both surfaoes blasted but were easily reproducible 
in most oases. 

> 

fourteen metals of various hardness and composition have been 
investigated. At first the slide angles used in testing the 
surfaoes were the original SO*, 45*, 60*, and 76*. Upon 
exsmlnlng the plot of the height values versus the slide angle, 
it was evident that intermediate angles should be studied to 
determine the correot curve and vertex. This lsd to tits 
adoption of the three following intermediate slide anglest 
97.5*, 5£.5*, and 67.5*. The final results using sand-blasted 
surfaoes, intermediate angles, and sized FJBH are given in 
Tablft £•. Upon plotting these averaged values (height of fall for 
OOP detonations versus slide angle), Graphs 1 and I are 
produced« the majority of the metals tested nave been in- 
cluded in grjnh. i« Those exhibiting an unusual curve are found 
in Ogenji £. 

framfe i* The general shape of the ouives resembles a large 
"IFwilh the vertex (or minimum height) in. the region between 
60* end 67.5* slide angle. Metals which fail to cause FHB 
to detonate when struck by the rod from angles of SO* or 75* 
become very sensitive if the angle is changed toward 60*• 
Hence the height at which detonation will take plaoe on a 
metal anvil is very dependent upon the slide angle or the 
"angle of inoidenoe" of the striker and the surface. 

At 75* there is a definite upward swing to many of the ourves 
which would follow the direot impaot data on 'various materials« 
At 90* the softer metal surfaoes fail to produce detonation 
at heights above those found at 75* on the sliding rod« There 
is not such evidence available from these data whioh indicates 
that the hardness values can be used as a direot measurement 
of the sensitivity. However, the results do appear to be 
related in some manner to the respeotive hardnesses« 

Oranh 2: From the plot of data on yellow brass anvils from 
graph I. it is possible that the alternate dotted curve, "A", 
oould be ohoeen. This would produoe a slight rise in the 
original ourve, the highest point near 60* slide angle« The 
four metals plotted on Graph £ very definitely Jndioete this 

\ i 
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reverse ourve and seoond vertex near 60*. The ohang® Is slight 
f~,       for monel and Ampoo 18 and alternate optional ourves have 
v   been inoluded. For oopper and phosphor bronze this unusual 

effeot is so definitely apparent that it could not be classified 
as a conceivable experimental error. At least eight 
determinations have been made for each of the three points 
in question: 52.5", 30s, and 67.5s. No «ücplanation is 
offered for this effeot at this time. 

During these series of tests it beoame apparent that it was 
possible to "work-harden" copper anvils easily after they had 
been used once or twioe. This property of oopper was also 
notioed in alloys tested that oontained some oopper. Necessary 
precautions were taken in using these copper-bearing anvils 
so that the resultant values were not changed by the change 
in hardness due to the impeots. 

1. when using various roughened metallio surfaoes as 
anvils there is produoed a minimum or limiting value for 
height of fall neoessary to oause 50£ detonations of PUN in 
the vicinity of 60 to 67.5* slide angle. This effeot becomes 
less pronounced as the anvil hardness is increased. 

S. The Bookwell ststio hardness test does not influenoe 
the sliding rod results as muoh as would be expected, usually, 
materials appear to have good safety properties (failing to 
detonate sensitive explosives) if they are appreciably deformed 
by the impaot of a striking weight. The prime examples of this 
oharaoteristio would be lead or aluminum. If the material is 
relatively plastio (elastic) the energy of the perousslon is 
absorbed by the material and not transmitted directly to the 
explosive partioles resting on its surface'« It was apparent at 
first that the statio hardness of the anvil had an important 
effeot on the sensitivity (or safety) of the material« However* 
later tests have indioated some other faotors are at least as 
Important, Since these recent tests would neoessarily disprove 
the relationship between hardness and sensitivity, it has been 
proposed that the "coefficient of plasticity? might .possibly be 
adopted as a standard measure of sensitivity. This proposal 
would, of oourse, involve considerable experiments. work to 
determine the advantage of classifying materials uider this 
system. 

Experimental 

A. Materials 

1. gxploslyes: Regular Primaoord-Biokford type PSTN has 
again been used throughout these tests in a special screened 
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fraction: "through 40 mesh, on 100 mesh". This was ohosen 
as the standard fraotion as mentioned in the earlier report. 

2. Anvils: Table 3 is a list and desoription of those 
metals that were 8tudied~as anvil surfaces during recent work« 
The pieoes were maohined either into 1 in. z 1 in. z 1/4 in. 
squares or 1 in. diameter z 1/4 in. disos. f>ome preliminary 
work was made using maohined surfaces. The major part of this 
study was done using sand-blasted surfaoes. The roughened 
surfaces were made by blasting with Ottawa Hint Shot sand {1/2 i 
average partiole size}, air pressure: 65 to 70 p.s.i., air jets 
7/32 in. diameter. 

3. Nosopleoes: The removable head or nosepieoe of the 
sliding rod used was a hardened Stentor tool steel striker with 
a maohined surfaoe (Rookwell Hardness: 60 "C" soale). 

TH 

B. Apparatus and faooodure 

The testing outline and desoription of the sliding rod machine 
oan be found in JT-18, page 26 ff. 

i 
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Sensitiveness to Rifle Bullet 

Rtioent teats have been conduoted on the pipe disc-bomb 
alterations whioh are a oontinuatlon of the series studied In 
aa earlier report. The following variations affecting the 
explosive sensitiveness have been Investigated: 

1. Effect of container alterations with respect to disc, 
base, and casing thickness and/or material. 

2. Classification of various oast explosive mixtures. 

The prooedure desoribed in earlier reports for testing and 
preparing the bombs has been followed during this experimentation. 
This involves firing the bullet longitudinally into a con- 
tainer oharged with explosive. This bomb consists of a short 
length of pipe to one end of whioh a steel plate has been 
welded. A steel frontal diso at whioh the bullet is fired is 
inserted in the open end to rest on the oolumn of explosive. 
Current results have indioated the following generalizations« 
The classification of explosions oalled "failures" are known 
as either oomplete or partial detonations. 

1. A definite deorease is apparent in the percentage 
detonations produoed with oast fentolite when using the standard 
disc-bomb oonstruotion (most effeotive arrangement) if the boob 
diameter and the charge length are inoreased simultaneously. 

3 in. charge, 
ft in. charge, 
8 in. oharge, 
4 in, oharge, 
6 in. oharge, 
4 in, oharge, 

1 in. diameter 8Qfr failures; 62$ oomplete 
1 in. diameter 100$ failures; 60$ oomplete 
1 in. diameter 80$ failures; 75$ oomplete 
1-1/2 in. diameter 100J» failures; 30fr complete 
1-1/2 in. diameter 70$ failures; 14$ oomplete 
2 in. diameter 1004» failures; 0$ complete 

2. Under standard disc-bomb oonstruotion the percentage 
detonations inoreases (vhen using oast Fentolite) as the hard« 
ness and/or the strength of the container material inoreases. 

all steel (standard 
all monel 
all duralumin 
all oopper 
all hard lead 

100$ 1 allures 
50$ failures 
SOJfc failures 
10$ failures 
0$ failures 

3. A slight desensitization is notioeable if wax is 
added to Torpex or Composition B oast mixtures when fired 
with standard diso-bomb oontainer. 

i I 

I 
« 
l 
I 

- 41 - CONlUaiTIAL ;i. 



Torpex I (unwaxed 
Torpex II (1» beeswax) 
Composition B (unwaxed) 
Composition B (l» beeswax) 

100» failures 
70» failures 

30-507» failures 
0-E0» failures 

4. If a nonmetallio liner Is used as a secondary dlso 
and Inserted between the steel frontal dlso and the explosiv« 
aurfaoe there la a definite decrease In the sensitiveness of 
oast Pentelite. 

regular construction 
1/16 in« cellulose acetate 
secondary liner 

1/8 in. soft rubber eeoondary 
liner 

3/16 in. maple wood eeoondary 
liner 

1005b failures 

300 failures 

10» failures 

80» failures 

5. Detonation originates solely by impaot and penetration 
if the bullet is fired atthe rear of the disc-bomb through the 
welded steel base plate into the Pentollte; and detonation 
produoed by a similar penetration of the frontal disc is not 
due to frlotional initiation against the side wall« 

„ 6, Various oast mixtures tested appear to be either slightly 
less sensitive than Pentollte or much less sensitive when 
fired at in the regular oonteiner. 

t 
50/50 Pentollte 
Pentonal 
Bar anal 
Minol II 
OBX 
50/50 Oyolotol 
Tetrytol 
THT-Aluminum (85/15) 

100» 
100» 
100» 
100» 
90» 
80» 
50» 
0» 

failures 
failures 
failures 
failures 
failures 
failures 
failures 
failures 

[SO» complete) 
[20» oomplete) 
0» complete) 
0» complete) 
0» complete) 
0» oomplete) 

Future work will be oonfined to the following problemst 

1. Extensive study on the desensltization effeot of 
secondary diso liners and oontalner ooatings of plastic or resinous 
material. 

2. Use of special experimental ammunition in oomparing 
variations in oontalner oonstruotion. 

. 3. Comparison of the sensitivities of various oast and 
pressed explosive mixtures. 

c- 
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_ STUDIES QF THS FHBPARATIOB, STABILIZATION 
(_> AKD 73STIKG Öf BEPL03I7SS 

Report Submitted by 
F. H. Westheimer 

Explosives Research Laboratory 
Bruceton, Pa» 

Th« Theory of Stability Tests 

(H. Henkln) 

Summary 

The investigation of the theory of the adiabatlo Ignition teat 
haa been continued. A new apparatus has been constructed 
wfcioh, «tail« «till orude, is an improvement over the fprncr 
on«. With thia apparatus, the ignition tine for NWO (starting 
at ISO*) «as found to be 16 ainutea. The prediction pr«- 
Tiously made «as 13 minutes; the time found in the older 
apparatus «as 20 minutes. 

A beginning «as made in the problem of teating smokeless 
powders .The equation for the tiae-teaperetur« relationship 
in adiabatio ignition, derived in last month's report is 

(1) <*o' 
A/T0 -T8 

«here T« the initial temperature, % the temperature at time £, 
and A,2and lp «re oonstanta previously defined.x 

On« of the things «sich can be deduced from this equation ia 
the following* If * series of adiabatic ignition tests is 
started at different initial temperatures, it should be pos- 
sible to superimpose all of the time-temperature ourves provided 
those obtained at higher temperatures are properly displaced 
along the time axis. The displacement of the time-temperature 
curve for eny individual sample relative to that for another 
must be the time it takes for the sample atarted at the lower 
temperature to heat adiabatioally to the higher starting 
temperatures. 

A set of experiments to test this prediction «as oarrled out 
wit*» a sample of BJ powder (perohlorate filled double-base pow- 
der stabilised with Oentxallte). The results, shown in 
Figure 1, completely oonform to the predictions from equation (1). 
Thiaequation haa been derived using the assumption that the 

i I . 
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C inorease in rate of decomposition with time is exclusively 
thermal in origin. It follows, therefore, that for the »ample 
in question, and, at least, is the temperature range 
110-130*0., the stabilizer has effectively prevented auto- 
oatalysis. The ccsputatlon of the oonstants A, 2 a*4 2* *°* 
SJ powder has not yet been oarried out. The smooth ourve in 
figure 1 is not, then, a theoretical one. I* is further to 
enoTed that the stability of 17 powder oompares favorably 

by the adiabatio ignition test with the trench mortar powder 
previously tested by Heroules Powder Company8. 

Experimental 

The new thermostat oonsists of an aluminum blook with two 
wells drilled at positions equidistant from the center« In 
one of these a thermometer and thermocouple are placed« In 
the other well, which is 1-1/4" in diameter, the sample of 
powder is suspended. The "oocffioient of thermal leakines*"9, 
is defined as the constant £ in equation (2) 

(2) dt 
dT 

K AT 

where £ *» t°* temperature at time * and AT is the tempera»., -e 
difference between the thermostat and the sample of powder   " 
being tested. With our apparatus, this constant is O.lfi mtn.*x. 
The temperature of the thermostat can be controlled at present 
to within > 0.05*0. of that of the sample. It follows, therefore, 
that the i^r«-"™ error which can be made in our present apparatus 
is 0.12 x 0,05 - 0.006°/min. (The aotual error will "es consid- 
erably smaller than this, since the error of 0.05*0. will not 
always be in the same direotion,) '«ith the present apparatus, 
any experiment can be oarried out with reasonable aoouracy 
provided that the sample decomposes fast enough so that it heat« 
itself up (initially) at a rate which exceeds 0,06*/min, 
further, it is possible to raise the temperature of the thermostat 
at a rate-of about 10-15*0. per minute. This fast rate of 
heating permits the maintainanoe of adiabatio conditions almost 
until the ignition of the sample ooours. 
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Aluainized Sxplosives 

(S.D. Brewer, J.W. Dawson, A. Turk) 

In a previous British report4, a method was set up to study 
the spewing of Mlnol. Ibis method involved a measurement of 
the inorease in Tolume of a 100 g« sample of Minol oontained 
in a long tube. Ihe assumption was implieit in this method 
that ell the gas generated was held in the sample, and did 
not escape. This assumption is not valid. A better apparatus 
has been designed, and is shown in figure 8. A charge of 
Minol is plaoed in the bulb of the apparatus, the standard 
Joint well greased and held together with wire springs, and the 
whole device (almost up to the T. seal) immersed in a steam 
bath at 100*0« Sie «asüsster is made of capillary tubing; 
there has been no evidence to date of water oondensed in tills 
oapillary. The sample is heated in the steam bath for 
IS minutes to attain equilibrium, the stopcock is then olosed. 
The manometer is read at convenient intervals; the rise in 
pressure is of the order of 20-100 mm. in a few hours« This 
apparatus is accurate, easy to read, and measures the volume 
or gas which is evolved from the sample as well as that which 
is entrapped in it« Trial experiments showed that this is not 
even approximately true of the British apparatus« In practioe, 
with a large mine, most of the gas which is generated will 
probably be trapped; the new apparatus therefore more nearly 
approximates actual service conditions «. 

With the aid of the new apparatus, a large number of experiments 
has been made«- Variation in method of mixing, water contest, 
method of preparation of the aluminum, etc, have been tested. 
Two different methods have been found which reduoe the gas 
evolution by a faotor of five to ten. The data are reoorded 
in Tjj2l£ X and summarized in the following paragraph. 

Minol containing a few tenths peroent water when heated to 
100*0. generates gas at a rate of about 6-ejt of its own 
volume per hour. The exact amount of gas generated depends on 
the method of mixing the sample and the purity of constituents« 
The variations with method of mixing are quite oomplioated, but 
in general it can be stated that th* greatest gas evolution 
ooours when water is added last to the mix« If all reagents 
are purified and oarefully dried, gas evolution drops to 1-2)1 
per hour of the volume of the mix. 

Minol has been treated so as to reduoe the gas generated despite 
the faot that oonmeroial oheaioals containing small amounts of 
water were Ueed. One method of doing thie oonsists of adding 
A% anhydrous magnesium nitrate and 0*3$ stearoxyaoetio acid to 

! 
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the mix. Presumably the anhydrous magnesium nitrate oombines 
with the water present; the etearoxyaoetio aoid prevents the 
separation of the mixture whioh otherwise ooours in the 
presence of magnesium nitrate. Alternatively, the aluminum 
oan be treated with phosphate or silicate to produce a in- 
soluble coating on the surface. The best phosphate coatings 
have been put on in fairly strongly aoldio or baslo solutions, 
and have out the rate of gas evolution down to about 0.9$ of 
the volume of the sample per hour* 

In a typioal oase, 50 g. of aluminum powder was shaken 
intermittently for an hour at room temperature in 100 oo. of 
a 0.1 molar solution of phosphorio aoid. The aluminum powder 
was then filtered, washed with water, and dried. The dried 
aluminum was introduced with stirring into a melt of TNT, 
ammonium nitrate and water. After stirring for 30 minutes, 
the mix was poured into the bulb of the mauometrio testing 
appsTutus. 

In most oases, the initial evolution of gas was faster than 
the rate finally achieved. The rates reoorded here are the 
"steady-state" rates obtained after the first 30 minutes had 
elapsed. 

In the actual filling of a mine, the mix will be near 80*81*G« 
(the freezing point of TNT); beoause this temperature is SO* 
below that at whioh our tests have been made, the rate of gas 
generation In praotioe will be muoh less than the figures given 
here. A large mine may, however, take as long as £4 hours to 
oool. Under these conditions it oan be oomputed that using 
oomaeroial materials containing small amounts of water the 
increase in volume due to gassing might be as muoh as 10 to 
£0$. Spewing under these conditions might well ooour. However, 
the best results here obtained indioate that the gas evolution 
can probably be reduced, by one of several different methods, 
so that it will not oause a volume inorease of more than 2>. 
This result is probably satisfactory. It is hoped that a 
method whioh oan be used industrially oan shortly be advanced. 
Parenthetically, It may be mentioned that the rate of gas 
evolution from Amatol or an aluminum-TNT mix is less than 1/5 
that from the very best samples of Minol so far prepared. 

An attempt to desensitize Torpex by ooatlng the aluminum powder 
with synthetio rubber has not so far been suooessful. This 
work is being oontinued. 
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Preparations and Testing 

Stability Teats 

A total of 304 ohemioal Stammt? teats was earrled out. This 
lnoluded 141 thermal stability ifpta, §1 vaouum stability teats, 
8 Bergmann Junk determinations, 41 fiqbillze? determinations 
and 53 miscellaneous teats. 

Miaoellaneous 
• 

A sample of nitrosoguanidine has been prepared and subjeoted 
to atability and sensitivity tests, Sie freezing point, solvent 
aotion and other properties of Ifethyllte SO (80-80 nitroglycerine- 
dlmethylphthalate) and of a duPont liquid ezploaive (XL 389)* 
have been determined. 

Mfr*at*f 
1. Interim Beport PT-19, page £9 ff» 

2. Xoski, RD4 (Heroules Report) Dooember £0, 1943 

3. White, Modern Oalorimetry, Ohemioal Catalogue Company 

4. WA-16£8-14 

* See "Development of Liquid Explosives," by W. &. Lawson in 
thia and previous FT reporta. 

? i 

- 47 - OONFIDJECTIAL 
) r 



Coaneroial 

Hon» 
Ions 
Virgin 
Yirgin 
Coaneroial 

Coaneroial 

Coaneroial 

Rone 

lot» 
Von» 
Don« 

Ion« 

lone 

Ion* 

Hone 

lea» 

Ion* 

RAM 

Son* 

Ion« 

Heated at 
400° for « hre. 

Coaneroial  As above 

Coaneroial 

Coaneroial 

Coaneroial 
Coaneroial 
Coaneroial 

oiel 
roial 
roial 
roial 
roial 
roial 

Ion« 

Bone 
H5PO4 

BgPOt-HftBPOt 
BaSzrO^ 

ReJ2P0«-I*2HF04 
B&2HP04 

BnaBPOi-lasPO« 

Water 
■»2810a 

lone 
C.P. dried lone 
C.P.drled 0.5* 
C.P .dried Hone 
CoBadried lone 
CP.dried 

0.P «dried 

C .Purled 

Qowdr led Bono 
Can .dried0.25* 
C.P^ried 0.86* 

Coanareial 0.8* 
C.P. 0.5* 

Coaneroial 0*8* 
Co—erolal 0.6* 
Conaerolal 0.6* 
Coaneroial 0.8* 
Coaneroial 0.6* 
Coaneroial 0.6* 

Coaneroial 0.6* 

Coaneroial lone 

Hone 

0.6* 

0.5* 
0.26* 
0.26* 
0.26* 
0.26* 
0.26* 
0.26* 
0,26* 
0.26* 
0.26* 

Coaneroial 

Caeneroial 

Coaneroial 

Coaneroial 
Coaneroial 
Conaerolal 
Coaneroial 
Coaneroial 
Coaneroial 
Coaneroial 
Coaneroial 
Coaneroial 

0.00 

0.17 
0.90 
1.6 
2.8 

Mix net with 0.25*  1.4 
water. Then dried with 
benten* 

Ae above dried with 1.0 
benzene-alcohol 

As above, dried with 1.9 
CCI4 

U« Mg(«0*)8 added 

4* Mg(H0S>2 added 

4.4 

6.7,4.6 

5.4 

1.4 
8.0 

2.7 
5.6,6.0 

5.6 

4.7 
7.7 
8.0 
9.5 

2.9 
«a n 
fi.X 

4* Mg(H0s)2 and 0.3* 
leoithin extract. 

4* Mg(H0s)2 and 0.3* 
•tearoxy aoetio aoid 

1.8 

7.0 

1.0,0.8 
0.9 
1.5 
3.6 
3.7 
2.7 
1.4 
0.8 
2.2 
2.7 
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DXmOPMBNT OF LIQJOID IXPLOSIVRS 

Report Submitted by 
W. B. Lawson 

Explosives Department, duPont Company 
Wilmington, Delaware 

Thermal Stability Teats 

The 150°F. heat stability tests on liquid explosives started 
in February were oontlnued and similar tests were started with 
SSL*s 80-20 NQ-dimethyl phthalate for comparative purposes* The 
results of these tests are given in Table J. 

A 50-gram sample of the XL 50-35-15 NO-DNT-TNT (Oentrallte 0.5)1 
of HO) composition made with polymer (^3) oil evolved 6.6 oo. of 
gas (150*F. and atm. pressure) in 37 days, lesentielly, the same 
result was obtained with a sample containing rubber strips, 
showing that rubber has no apparent effeot on the thermal 
stability of this explosive. From results with Pentollte (1.7 oo. 
of gas in U days) reported in Division 8 Interim Report M89-8 
under this contract, It may be oonoluded that the 50-35-15 mix- 
ture has about the same thermal stability as Pentolite. 

The 50-35-15 composition made with glyool (#19) oil had evolved 
less than half as much gas as the polymer oil formula after 
£8 days. Addition of rubber strips to the glyool oil formula 
lnoreased the evolution of gas but even so, the total evolved 
in £8 days was somewhat less than for the corresponding polymer 
oil mixture. As there appears to be no tendency for accelerated 
Ss evolution from any of these samples, the tests are being 

soontinued. 

The stability tests on the ZBL 80-80 NO-dlmethyl phthalate 
mixture have been under way only 9 days. At the end of this 
period the plain sample had evolved no gas, but the one con- 
taining rubber had evolved about the same amount (less than 1 oo.) 
as the corresponding samples of the XL explosive. 

Samples for Navy Tests* 

A 500-lb. sample of eaoh of the following compositions was made 
up at the Laboratory for drop tests at the Navy Explosives 
Investigation Laboratory at Stmsp Neck, «Saryiasd: 

♦Results of these tests are reported in detail in "Explosives 
Investigation Laboratory Report on R.I.M. No. 39*, dated 
4-12-44, and issued by the Explosives Investigation Laboratory, 
Naval Powder Faotory, Stump Neok, Maryland. 
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SSL Compositions 

80-20 #3 NO (polymer)- dimethyl phthalate (0.60 Oentralite 1 
75-25 «•      «       •       » " 

St Composition 

KL-389A 55-31.5-13.5 #3 HO-MfT-TMT (0.5* Oentralite 1 in NO) 

The ZL 55Jt NO composition (SL-389A) was ohosen In preferenoe 
to a 50Jt oonpoaltlon on the basia of the oap sensitiveness 
and propagation testa described In PT-19 under this heading. 

Thirty 5-gallon Army Air Corpa high ootane gasoline oana were 
uaed as oontalnera for the samples. 

Approximately 50 lb« of liquid explosive was plaoed in each 
5-gallon oan, leaving 1 to 1-1/2 in. freeboard. The steel 
sorew oap was replaoed by a No.13 rubber stopper, which was 
carefully scoured with wire binding, and eaoh oan was sur- 
rounded by about one inch of pulp in a wooden box for ship- 
ment to Stump Neck by Navy truck. 

Tests In whloh the cans were dropped from a height of 47 ft. 
onto one-inch armor plate were started at Stump Neok March 30, 
and were oompleted on April 7. All three explosives gave one 
detonation at 47 ft. and one at 40 ft. The XL explosive, 
BL-389A, also gave one at 30 ft. The results are suanarized 
in Table I£. 

The results of these tests were very surprising in that no 
difference was shown between the two SSL mixtures, and SL-389A, 
which was the least sensitive as Judged by blasting oap tests 
(see PT-19), appeared to be slightly more sensitive to shook 
than the SSL mixtures.* It is possible that variations in 
strength of the cane had a greater effeot on the results than 
differences between the explosives. 

•The possibility of detonations ooourring beoause of explosive 
remaining on the armor plate from spillage during earlier drops is 
exoluded by the following quotation from the Explosives Inves- 
tigation Laboratory Report S.I.M. No.36, 4-12-44, page 3: 
"6. The possibility that the detonations in these tests may have 
been oaused by residue liquid explosive from former partial 
detonations or ruptures of containers, either on or under the 
steel plate on which the container» were dropped, is preoluded 
by these considerations* (a) After each detonation it was necessary 
to replaoe the steel plate with a new one. (b) Saoh detonation re- 
sulted in a orater whloh was refilled with fresh earth before the 
next drop, (o) In the case of ruptured containers, all liquid 
explosive was disposed of by burning, and the steel plate and 
earth under it was replaoed as in the oase of detonations?*. 

t 
i 

! 
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CONTIDgNTIAL, 

Tutttre Program 

^-'  An attempt will be made to determine the relative impaot sensitire- 
neaa of the two ERL mixture» and ZL-389JU Additional sajq>lea 
of theae explosives may he supplied for further testa by the 
Navy, but their program is not known at this time. 

; i 
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Exp. Height 
Si«i Can Ho. Ft. 

1 47 
2 • 
S • 

4 ■ 

6 a 

6 • 
7 40 
6 90 
9 20 

10 * 

£xj>. * 1 47 
1-75-2« 2 

S 
• 
40 

4 SO 
5 ■ 

6 * 
7 ■ 

S ■ 

9 ■ 

10 • 

Kxp. • 
■-80-20 1 

2 
47 
• 

S ■ 

4 ■ 

5 • 
6 ■ 

7 40 
8 SO 
9 * 

10 N 

Drop Test» at Stump Beck 

5-Oallon Cans of Mark 8 Explosiv«« 

Position of Can 

Vortioal 

N 

a 
a 
m 
a 

Vortioal 

■ 
a 

* 
a 

Vertical 
Eoritontal 
Vertical 
Horisontal 
Vertical 

a 
a 
a 
a 
a 

Beaerks 

Bending 

Cracked near base 
of container. 
Bending 
Rupture of cir- 
cumferential seam at 
base. 
Detonation 

a 
a 

Bending 

Bending 
Detonation 

■ 

Bending 
a 
a 
a 

2" rupture of side 
seam near base. 
Bending 

Bending 
a 

Loss of stopper 
Bending 
Detonation 
Detonation 
Bending 

; 

* BRL Compositions 

I 
i 

if 
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STUDIB3 07 THERMAL STABILITY TSSTS 

Report Submitted by 
R. C. Blderfield 

Columbia university 

Host of the month has been de-voted to checking and re- 
checking data previously reported on PSTN and Pentollte» 
This is now complete and will be incorporated in a formal 
report to be submitted within two weeks. 

The following new data on Halelte (Picatinny, November* 
1943) has been obtained« 

Temperature of test: 140*C. Wt. of sample» 0.5 g., dried 
24 hrs. at 100«C. (Jas evolution data calculated equivalent 
to a 5*0 g. sample and plotted on Figure I. Analysis of 
evolved gas as follows: "" 

After 24 hrs. After 34 hrs. 

Oxygen 0.0$. 0.0* 

Moisture (removed either 
by KOH or P2O5) 

7.9 5.3 

Basics 0.0 0.0 

Total Aoidles 2.3 6.1 

NO 2.3 3.1 

CO2 *nd NO2 0*0 0.0 

CO 9,5 8.9 

Other combustibles 1.5 1.0 

N2O 60.9 34.2 

Nitrogen 17.9 44.5 

I i 

i *" 
t 
s 
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o POLAROCHUFHIC HWISTIOdttOI OF SXKASXVBS 

Report Submitted by 
J. J. Llngene 

Harvard Uhlveralty 

Dlffuelon Current Constanta of ltown a-ßf frf«* 

Uereurio fulminate and leed aside are eonmon aonpoiioiita of 
primera and primer*detonetoref along with antlnonoue eulflde, 
potaaaiun ehlorate, abrasive, «to*« and both of theae compounda 
aro aoluble In ammonium aootato solutions« Bonoa in the method 
of analysis that «a aro developing it la plannad to entrant 
nereurio fulminate and lead aside (toge+her with potaeelun 
ehlorate, barium nitrate« eta») from the primer eemple by 
leaohing with a rather oeneentmted emmnntiifj aoetate eolation, 
and thua of feet a separation from ant lawny eulflde and other 
insoluble substeneee* For the nolaronra)nhU determination «f 
the mareury end lead the anmonlwm aoetate entreat is eoidlfled 
eith hydroohlorlo aeld, dilated to a huean volant, end the 
eonoentretions of aeroury end lead are evaluated alaultaneoualy 
from a polaregrem of this eolation« 

In a aupporUng eleotrolyte eoamoeed of 111 hfdroehlorie aeld 
plna IX enmomlum ehlorlde pine IM acatio aeld plaa 0*01$ gelatin, 
ehleh corresponds to the solutions obtained by acidifying the 

aoetate estreat «1th hydroohlorlo aeld» the half« 
potential of lead ia -0*45 v. je. the ft.C«. end the dlffuelon 
warrant la exoallently deoelopedT üb» mareury owe in the sane 
aupportlng electrolyte atarte right from aero applied e«awf«, 
and a very «all defined diffusion eurrent ia obtained mall in 
advenes of the lead ware, the dlffuelon eurrente of both «atola 
are dlreetly proportional to their ooneentratione «hem proper 
oorraotlon ie made for the reelduel eurrent (eeo geggej, £ and {£)< 

To avoid the-neeeaalty of individual oalibratioma for eenh 
analyale «a have determined the dlffuelon eurrent eenatahte» 

id/CnÄ/^tl/e, 

t 
I 
? 

* 
■ t 

of both nereurio mareury and lead In supporting aleetroiytee 
that matoh the solution that «ill be obtained In an aotual 
snalyaia« The data obtained are sbosn In Tables J, and II« 
With theae valuae available the ooneentratione of aeroury and 
lead ean be eomputed dlreetly from the obaerved diffusion 

I -- -■< * -H 
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currents, and the known a and t values of too capillary uaed, 
by mean« of tba equation*    "* 

n . _*d  
j .2/3*1/6 

(1) 

where £ represent a the diffusion ourrent eons tan t; £•$.* tba 
actual value of diffusion ourrent «hen C ■ 1 adlllaolar and 
m2/3tl/6 » x Bg.2/38#0.-l/2, 

Table I 

Diffusion Current Con«tent of Lead 

.2/3*1/6 , 2.00 »g.^eeo.-1/8    Tenp. - 26«C, 

The diffusion ourrent values have been oorreoted for the residual 
ourrent of the supporting eleetrolyte alone« O.Oljf gelatin uaed 

as a naKlsMS) suppressor« 

Pb 
Mlllinolar 

id 
Mloroaap, 

id 
C»2/3ti/e 

(Serlea A« supporting eleetrolyte 1*2 H HCl, 3.1 M HH4CI, 3.1 H 
aeotio Mid) 

0.108 
0.312 
0.503 
0.763 
0.930 
1.140 
1.278 

0,73 
2.14 
3.75 
5.28 
6,32 
2.03 
9.00 

s;s2 
3.43 

(3.73) 
3.46 
3.43 
3.52 
3.53 

Av« ~T3B 

(Series 3r~supportlng eleetrolyte 1.0 If HCl,  IcO M HE4CI, 1.0 H 
aoetio add) 

0,606 
0.928 

3.73 
6.85 

5.69 
3.69 

•■ 

1. 
t 
m 
i 
i 
I 
t >   ' 
ii 

i  . 

I o 
ljfJ, Llngane, Ind. Bng, Cham. Anal. Sd,, 15, 583 (1943), 
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Dlffualon Current Constant of barourr 

a*/3tl/6 . 1>99 m.2/\„rl/* ,,,„. . 86KJ 

IS^iCf!Sl?LCUPP*nt^ue! ***• *••» •***•$** for the rosldual current of the supportin« electrolyte tlooi, 0.01* gelatla pros- 
ant as a maximal suppressor. 

Mllllaolar 
id 

Mloroeap< 
*d 

C^/3tV6 

<2!£i£l a* supporting electrolyte 1.8 M BDI, 5.1 M IH4CI, 3.1 M 
acetic CCld} 

0.486 
1.99 
3.98 
7 »98 

3.00 
18.80 
88.15 
58.1 

3.54 
3.68 
3.54 

AT. 

(£orlft £, •upporting electrolyte 1.0 M HOI, 1.0 M BH4CI, 1.0 V 
emetic «old) 

0.101 
4.05 

7.88 
30.7 

5.8? 
3«88 

iiii!«!.***1,.11"?"1^*0*^*** ** "»wy in hydroehlorle ael4 ■oiution tende to bo reduoed to aereurous chloride by metallie 
aeroury aooesttig to RgClJ*   ♦ Hg - HgaCls     ♦   8 Cl%   lotht£e 
mood end extent of redaction is, of course, smaller the laraer 
the concentration of oblorldo ion in tbo solution, elnee ttio 
USl^SSJfSS^v10; ** f*«*1}*«** 0J •*•••• oblorldo tone 
i^SL^^S **°* **• J»opP*ag »lootrodo collects in tbo bettes 
X 15* Polorogropblo coll, experiaents woro made to doteralao 
i£ tbo aboye reaction tabae plooo rapidly enough la 1 M hjdro- 
S?2Ü,üld J0«1*!*?for? wlth, **• Pol«*graphfo deteralnetion 
?II*2!wJr\ A * "iHlaolw solution of aerourlo oblorldo la 
1 M hydrochloric aeld «as plaoad In tbo oell, fraad from 
dissolved air with nitrogen, and tha dropping eleetrode «as 
tftan lntroduoad.    Tha diffusion eurront of the aeroury wae 
observed as a funotlon of tins.    Under these conditions no 
appreciable change In the diffusion current was observed orer a 
period of 50 minute», although the aeroury that oolleoted In the 

w?*0"*0* *£• °*lx "V1"4 * *•** film (mixture of merourou* 
ehlorldo and aeroury).    It is evident that the reduction of 

i 

■   5 

u 
i 
t » 

t. 
I't U 
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»■all eoneantratlona of aareurls wrew? la 1 V hydroohlorle 
aoid do«« not take plaoe rapidly enough to Interfere with the 
polarographie determination of meroury, provided that the 
diffusion ourraat 1« measured v&thout delay aft«- the dropping 
•l«otrode 1« plao«d in to» eolation« 

?•**?»»»***& ^ 4P*lflf«7 frWft 
Antimonoua aulfid« «ill b« lsft is the residue from the «straetlon 
of the primer «ample with eamonlum a««tat« »olutlon» In previous 
report» it has b«an »boon that tntlmonous aulfid« «an be dissolved 
fairly «aally in a hot slkaHns tartrat« solution oonpoeed of 1 H 
potassium hydroxide and 8 H potassium tartrata« «1though th« 
eatbodie wave of tha antinonyl tartrata oomplex present In «uah 
a solution i» ««11 ••parat«d from th« anodio sulfids ««*• it ia 
not poealble to aoeurately determine th« antlaony and aulfida 
dir«etly from a polarogren of thia eolation b««au«« «aah of 
these auhatanoaa «aorta a deleterloua «ff««t on UM «a*« of tha 
ether* (See PT-19, page 64 ff.). therefor« it la n«o«ai 
«operate th« antimony and aulfida if an aaeurate 
determination of oaoh «f than la to a« made. Foe 
tion of th» entlasmy «ha »inline tartrata entreat «ay a« 
eeldifled strongly «ith bydroohlorlo aald (t to 4 I eaeess). 
boiled to redi»eol*e pr««ipltat«d antlaony aulfida and «apal 
hydrognii aulfid«» and than diluUd to a knoan volume «ith 
addition of sufficient hydroohlorle aald •© that ita final 
eona«ntration Uli. A polarogres of this «olutlon aho«a an 
exeellent antlaony wave «hoa« half-wave potontlal la -0,16 v. 
Jf.« th« 3«C«B« 

ym& a; contains data for th* diffualon «urr«nt eonetamt of 
In a supporting eleotrolyte eoamoaed of 1 X hydroehlorl« 

«aid pine 0*8 M tartarla aald plna 0.3 M potassium ohlorlda 
plua 0*01% gelatin, «hioh eorraaponda to tha aolatlon that «ould 
ha obtaia«d by aoldlfylng 10 oe« of tha alkoTIna tartrata extras* 
«ith hydroohlorle aoid and diluting to 100 aa« 

! 
m 
i 
i 
I 
n 
♦ 
! 
i 

I 
b= 
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Table III 

Diffusion Current Conitint of Antimony 

a2/3tl/6 » 2,00 mg.^seo.-1/2       Trap. « 26*C. . 

Hie diffusion current« have been oorreoted for the residual current 

3b 
Mllllmolar 

0.773 
2.47 
3.07 
4.40 

id 
Micro amp. 

7.19 
22.6 
27.6 
39.6 

CaW
g 

4.64 
4.58 
4,52 
4.50 

Av. «TBT 

Experiments are in progress to determine the sulflde by eolleetlng 
the hydrogen sulflde that is evolved «hen the alkaline tartrate 
extract is acidified «1th hydroohlorio aoid. An apparatus has 
been assembled vhloh permits the absorption of the hydrogen 
sulfids in dilute sodium hydroxide solution) the sulfids ion 
in this solution can then be determined either polarographloally 
or by lodometrlo titration. A number of preliminary experiments 
have been oarried-out using pure slno sulf lde as a sourse of 
sulflde, to test the completeness of reoovery of the evolved 
hydrogen sulf lde. So far the results have not bean very 
encouraging. We have found that it is difficult to obtain 
complete absorption of hydrogen sulflde in the sodium hydroxide 
receiving solution. Furthermore in alkaline medium sulf lde is 
oxidised quite rapidly by atmoapherio oxygen» «nleh necessitates 
Eoteetios of the solution «1th nitrogen or other inert gas* 

«ever» «e believe that most of the difficulties have beam met 
and they arc in the process of being oiroumventcd. Since these 
experiments are still in a state of flux aid are being continued 
«e shall defer a detailed report on the* until later« 

H 
0 
1 
J 
i 
» 
> 
! 
I * 
a 
2 
£ 
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POLAROORAPHIC SXAMHATIO» OF EXPLOSIVES 

Report Submitted by 
V. «• heloehe 

UniToreity of Wieoonoin 

In ox—Inlng members of the diphenylamlne nitration eerlea, it 
haa boon neoeeeary to make oertain ohenges in prooodur* a« the 
work haa progressed to tha more highly nitratod «wounda. In 
our last roport (PT-19, page 67 ff»), mention waa made of 
maxima ooourring in roduotion eurree of 4- nitrodlphemylamlne« 
It waa alao notod that tha addition of oeaina would eliminate 
aueb maxima. It should bo addod that in all oaaoa whoro eosiae 
waa uaod aa a roproaaant, tha roaldual ourront waa not ideally 
defined» In eeeklng a aubatituto for ooaina ethyl oolluloso 
waa triod and found to bo an oxoollont roproaaant for thia 
eyatem» Tha «aria— In tha ourwe waa removed and tha ahapo of 
tha lowor part of tha ourwo waa improved. In gjiwro 1« ourwo 1 
roproaonta roduotion for a solution to which no repreeaant las 

illustrates tha addition of. 0.01* ethyl cellulose. 
thia aubatanao apparently ehangea the value «a* 

It nay ba presumed that if ethyl cellulose hi 
to ayatona eon talnlng yfhe mltroao uawfiuimaa 

in our laat roport, thoir id/BnVtV» would hawo boot.   ,, 
Tha deviation is alight and haa little importance until further 

l 

addod» Ourwo 8 

id/Brn^*»*/». i 
boon addod to as 

In tho laat report wa eijggeated the uee of tetraalkyl baao aa a 
supporting oleotrolyto for the diexane system» Tetracthyl» 
sjamenium hydroxide waa prepared and tee ted by neane of tha 
polarogrcptu In attempting to dissolve sufficient base to make 
tho aolution.0»16 molar, experiment ahowed that dioxane-water 
ayatona whieh contained gOJIdloxane aeparatad into two layers. 
4 eyatem containing 60JK dioxane did dleaolve tha dealrod anount 
of tetraethyl anmniiTi» hydroxide and left a reaaonablo worirSng 
—rx|n« Hcnee, the basic systons dsseribbd latex in this report 
represent 60£ dioxane while the sold systems represent 80Jf 
dloxeme» The reaulta do ahow that different reduetlone take 
plaoe in the baaio aolutions than take plane in the sold eolutiesa, 
If it ia desirable to us* a baaio solution in order to identify 
one of theae compounds. It nay be desirable to atandardise on a 
solution eontalning 60)1 dioxane and prepare all of our standard 
information on thia basis» 

Meterlsls» 

1. Dioxane •«*• Purifleation waa given in PT-19, page 66* 
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■PHP^üP 

MM 

o 

O 

*•    p*nitroa 
4 

8*   &«nltroaodlphanyXaadiia — 

-    ,_ ^       «MtM« «hit« XaboX 4-nltrodlphwjyliMiaao- 

RooryataXXlsatlon fron aa otbor •oXutloa 

5«    S«rt*rodipfa«nyXaBlno 
Ä     -*, *•**■•» «hit« XaboX. 

7.   othyX ooUaXoao - oourtoty 0f tfoitod dtatoa Poroat Proteste 
Laboratory. ******* 
i bydroxlda — Prsparod by toobulaua aia&Xar 
daaoribad for tatraatthyX «oapoSBttX* to that 

2Ü2iiS,iJ?8o2!?*5!bl#2 f1** ~P**M*tati*o data for tbt roouation of 8-altro and 4«nitrodipbaayla»iao« 

Boduotlon of 4^^^^^^^^ 
Syatoat 

P/m 

Haifwavä potontlaX 

•i^SPfex** ***** 0<mUlaia« °*°^ •«** »»i3»iöa« 
tta» at half vavos       3.90 

t 40.9 
t 88*9 
l        0.40 *©Xt vs 8.B.C. 

1. 
e« 
4« 
6« 

1« Al tor 

0.6 
1*0 
1.8 
8.0 
8.8 

id/o 

8«7t 
U.87 

87.08 

U.*87    td/ÖP^H*/« » #tpt 
**•»•     baaod oa avorafo XX* 88 
XlLjW _   _   __ _ 

•oo ourro 8 of Flaiiro X for a typloaX poXarograa 

WjACS.80, X770 U988) Poraochlo and Molooho 

- 6X • 



wnSBÜ' -:« 

o 
Sxataat   ac£ dioxona» «If ««ter containing 0.01Jf otfegft 

Pro» tin» at half »avot 
Slaatrado »At | 

Half ««TO potential 
i 
i 

1* 
8« 
S» 
4. 
6« 

COM* Id 
«/liter   nlar* 

0.5 
1.0 
1.6 
8.0 
8.6 

6.T9 
11 ..8? 
1T.88 
88.68 
88.15 

8*84 
40,3 
68.8 
0,88 volt t» 8«l*0« 

U/a 

11*66 
U.8T 
11*60 
ll«8T 
11*44 tolno of idA 

1.» 
8.» 
8« 
4. 

for «fa* 
to that for tno 

of tna fi-«ltro 
( 

lo 

I«*»*/*,*/«    j/fc ^ »oteniial 

4.68 
4«8f 
8V8T 
**CO 

Sola tabu rofrooaate _ 
»olatloaa to 

IftfcJI fMU IT Hun 

is to» 
no otnrl ooUnloog 

than» 
raorooonto a tfttea lUob la'oaalo to fl 
hydroxlda an« eontaina only 60Jf dloxana* 

';?**?"%$&• 

^.1 
t 

o 
- 68 - WOTWroii 



»mm 

»"■"•V*pt*.*^ ■■^S£>^'.»- 

(*""■*'?*' 

ld^j-g/»tl/6   ^ ^^ potoatiol 

1. 
». 

4. 

8.2 
8.8 
4.6 
4*1 

1.18 
1*18 
0«t8» 
0*80 

• * oolor otoago took plooo «ad it wmj to pooolblo «tot 
l&torforo&eo ooourt in thlt rodaotioa« 

rodaotioa of s-«t 
lltojlto of 

Figaro« HI tad If row 
St««SIWoAi8to^vloaiao 
tofti«  Of«tO» Of dloXOAO * 

Hi nimimtlon vita tto uso of di 
8o Infonoatton on viooooitf«   Dot*   
ftoUoott ttat «ton ono plot« rtootoit? 
of dioBoao la toto* «to on»*« «toto*i 
ftot M>WM 48 and to* dlowaw «nd tj 
totooott 0 «nd 40 0*4 tt> to 100,   m» 
to doalrtol« to «so «fotoao fto «to 
8*nto 40 to VQ# dloxoa*.   A 
to»TUttW^ffoot to «to 

wSBL 
• 8 OBOlA 4-44 

0.8 If BOX la 804 
0.8 1»! to 80? 

fjjlff ft   ~"• "■*!/& a*ai8rooodl8toiifaoml«o 
  0U8 V UtroottoUojoontoi todroxld* 

la 801 diomto tod 0*01 ottol o 

8 aaolA 8-AitrodiptonTlatino 
0*18 M totroothyiiiiifiiiliitoJrti nxldo in 

eojl dloxaao and 0.01 tthjl ooUnlooo 

• 88 - C0BFID3BTIAL a 



r~ 
* **■•♦.-£• - i 

I 

< 

z 
u 
Ü 
Ik 
Z 
o 
o 

(9 



^^.■■■9^*''-—- -"I • 

CONFlDF. NT I At 



r~ 
-■tart-- 

I- 

J 
< 

z 
u 
O 

U. 

z 
o 
Ü 



ftro»oeole for future werkt 

1* Although soae further work 1« neeessery on the nitration 
•erleo of dlpheuyUalne, it 1* tlae to request seapleo of 
•god powdero. «o o«a attempt to apply ttoo information 
vhleh wo hove now OB »uoh samples or we eon apply tho 
study to powdoro In whloh tho aging has noon aoeelerated 
by hoot« 

"8. This «tody should bo extended to eontrolltot. 

8* Prepare 8~nltronltroeodiphenylsaine end 4-nltronitrooo* 
dlphenylsalne for examination« 

t ■ 

< i 
i; 

ii. 

< 

» • 

. * 

4L 

O 
- 64 - COMPIDBHTIAX. 



mmm 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 

THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200.20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 



STI-ATI-201 327 ^OOlWlim^L    SECUMÄORMATION 

National Defense Research Committee, Office of Scien- 
tific Research and Development, Div. 3. Washington, n   '] 
D.C. 

PREPARATION AND TESTING OF EXPLOSIVES, by Ralph 
Connor.   Interim rept.. 15 Mar - 15 Apr 44.   64p   illus 
tables.   PT-20. y ' 

V~ 

Ordnance (22) 
Ammunition & Ex- 

plosives (1) 

(Copies obtainable from ASTIA-DSC) 

vrif, --^:"5Wff^Ärs,^?r« 

Explosives 
Explosives - Testing 



5ö T>  ?**>*<*- ?-*y3L ^v 


